
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

10.1056/nejmoa1005741  nejm.org 1

original article

2008 Outbreak of Salmonella Saintpaul 
Infections Associated with Raw Produce
Casey Barton Behravesh, D.V.M., Dr.P.H., Rajal K. Mody, M.D., M.P.H.,  

Jessica Jungk, M.P.H., Linda Gaul, Ph.D., M.P.H., John T. Redd, M.D., M.P.H., 
Sanny Chen, Ph.D., M.H.S., Shaun Cosgrove, B.A., Erin Hedican, M.P.H.,  
David Sweat, M.P.H., Lina Chávez-Hauser, M.A., Sandra L. Snow, M.D.,  

Heather Hanson, M.P.H., Thai-An Nguyen, M.P.H., Samir V. Sodha, M.D., M.P.H.,  
Amy L. Boore, Ph.D., M.P.H., Elizabeth Russo, M.D., Matthew Mikoleit, M.A.S.C.P., 
Lisa Theobald, B.S., Peter Gerner-Smidt, M.D., D.M.S., Robert M. Hoekstra, Ph.D., 

Frederick J. Angulo, D.V.M., Ph.D., David L. Swerdlow, M.D.,  
Robert V. Tauxe, M.D., M.P.H., Patricia M. Griffin, M.D., and Ian T. Williams, Ph.D., 

for the Salmonella Saintpaul Outbreak Investigation Team*

From the National Center for Emerging 
and Zoonotic Infectious Diseases (C.B.B., 
R.K.M., T.-A.N., S.V.S., A.L.B., E.R., M.M., 
L.T., P.G.-S., R.M.H., F.J.A., D.L.S., R.V.T., 
P.M.G., I.T.W.) and the Scientific Educa-
tion and Professional Development Pro-
gram Office (R.K.M., S. Chen, A.L.B., 
E.R.), Centers for Disease Control and 
Prevention, Atlanta; the New Mexico De-
partment of Health, Santa Fe (J.J.); Texas 
Department of State Health Services, 
Austin (L.G.); Indian Health Service, Al-
buquerque, NM (J.T.R.); Arizona Depart-
ment of Health Services, Phoenix (S. 
Chen); Colorado Department of Public 
Health and Environment, Denver (S. Cos-
grove); Minnesota Department of 
Health, St. Paul (E.H.); North Carolina 
Division of Public Health, Raleigh (D.S.); 
Missouri Department of Health and Se-
nior Services, Jefferson City (L.C.-H.); 
Arkansas Department of Health, Little 
Rock (S.L.S.); and New York City Depart-
ment of Health and Mental Hygiene, New 
York (H.H.). Address reprint requests to 
Dr. Barton Behravesh at the Centers for 
Disease Control and Prevention, 1600 Clif-
ton Rd. NE, MS A-38, Atlanta, GA 30333, or 
at cbartonbehravesh@cdc.gov.

*	Additional members of the Salmonella 
Saintpaul Outbreak Investigation Team 
are listed in the Supplementary Appen-
dix, available at NEJM.org.

This article (10.1056/NEJMoa1005741) 
was published on February 23, 2011, at 
NEJM.org.

N Engl J Med 2011.
Copyright © 2011 Massachusetts Medical Society.

A bs tr ac t

Background

Raw produce is an increasingly recognized vehicle for salmonellosis. We investigated 
a nationwide outbreak that occurred in the United States in 2008.

Methods

We defined a case as diarrhea in a person with laboratory-confirmed infection with 
the outbreak strain of Salmonella enterica serotype Saintpaul. Epidemiologic, trace-
back, and environmental studies were conducted.

Results

Among the 1500 case subjects, 21% were hospitalized, and 2 died. In three case–
control studies of cases not linked to restaurant clusters, illness was significantly 
associated with eating raw tomatoes (matched odds ratio, 5.6; 95% confidence in-
terval [CI], 1.6 to 30.3); eating at a Mexican-style restaurant (matched odds ratio, 4.6; 
95% CI, 2.1 to ∞) and eating pico de gallo salsa (matched odds ratio, 4.0; 95% CI, 
1.5 to 17.8), corn tortillas (matched odds ratio, 2.3; 95% CI, 1.2 to 5.0), or salsa 
(matched odds ratio, 2.1; 95% CI, 1.1 to 3.9); and having a raw jalapeño pepper in 
the household (matched odds ratio, 2.9; 95% CI, 1.2 to 7.6). In nine analyses of 
clusters associated with restaurants or events, jalapeño peppers were implicated in all 
three clusters with implicated ingredients, and jalapeño or serrano peppers were an 
ingredient in an implicated item in the other three clusters. Raw tomatoes were an 
ingredient in an implicated item in three clusters. The outbreak strain was identified 
in jalapeño peppers collected in Texas and in agricultural water and serrano peppers 
on a Mexican farm. Tomato tracebacks did not converge on a source.

Conclusions

Although an epidemiologic association with raw tomatoes was identified early in this 
investigation, subsequent epidemiologic and microbiologic evidence implicated ja-
lapeño and serrano peppers. This outbreak highlights the importance of preventing 
raw-produce contamination.
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Salmonella is a leading bacterial 
cause of gastroenteritis in the United States, 
and the incidence has changed little in the 

past decade.1 Produce that is eaten raw is an in-
creasingly recognized vehicle for transmission of 
pathogens, including salmonella species.2,3

On May 22, 2008, the New Mexico Department 
of Health notified the Centers for Disease Control 
and Prevention (CDC) about 19 cases of salmo-
nella infection in May. All seven isolates with 
completed serotyping were Salmonella enterica se-
rotype Saintpaul.4 Four of the tested isolates had 
indistinguishable patterns on pulsed-field gel 
electrophoresis (PFGE). On May 23, the CDC’s 
staff at PulseNet (a national molecular-subtyping 
network) identified three additional isolates with 
the same PFGE pattern from Colorado and Texas. 
In 2007, only 40 human Saintpaul isolates with 
this pattern were submitted to PulseNet. This 
report describes the nationwide investigation of 
what became a large foodborne outbreak in the 
United States.

Me thods

Outbreak Identification and Case Finding

Clinical laboratories send salmonella strains 
from ill persons to state public health laborato-
ries for serotyping and PFGE subtyping with the 
use of standardized methods.5,6 State public 
health laboratories routinely submit PFGE pat-
terns to PulseNet. We defined a case as laborato-
ry-confirmed infection with the Saintpaul sero-
type of S. enterica with PFGE XbaI pattern 
JN6X01.0048 (the outbreak strain) from April 1, 
2008, through September 4, 2008. For all stud-
ies, we defined diarrhea as at least three loose 
stools in a 24-hour period.

Epidemiologic Studies of Cases Not Linked  
to Restaurant Clusters

We initially interviewed case subjects in Texas 
and New Mexico to generate hypotheses about 
the source of infections. Three case–control stud-
ies were conducted to assess exposures among 
case subjects that were not linked to restaurants 
or other common events. Exposures were ascer-
tained by means of interviews, which focused on 
the week preceding the illness (for case subjects) 
or the week preceding the interview (for control 
subjects). All study participants provided oral 
consent.

Study 1
In May 2008, the departments of health in New 
Mexico and Texas, the Navajo Nation, the Indian 
Health Service, and the CDC conducted a case–
control study. To generate hypotheses, case sub-
jects were interviewed with the use of a detailed 
questionnaire about consumption of numerous 
food items, including red bell peppers, green bell 
peppers, and other peppers. The subsequent case–
control study included all food items that were 
reported as having been consumed by more than 
50% of case subjects in these interviews, in addi-
tion to avocado and guacamole. For this study, 
case subjects had an illness that met the case 
definition and a reported onset of diarrhea on or 
after May 1. Control subjects without diarrhea 
were matched with case subjects according to age 
group and neighborhood. (For details, see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org.)

Study 2
In June 2008, because of the growing scope of the 
outbreak and the concern that other food vehicles 
might be involved, the CDC and state and local 
health departments in 29 states conducted a mul-
tistate case–control study to further investigate 
possible sources. Data were collected on patterns 
of eating at Mexican-style restaurants and con-
sumption of produce, including freshly made 
salsa, raw jalapeño and other hot peppers, raw 
cilantro, raw tomatoes, and 17 other items. Case 
subjects had an illness that met the case defini-
tion and reported an onset of diarrhea on or after 
June 1. Control subjects without diarrhea were 
matched with case subjects according to age 
group and neighborhood.

Study 3
In July 2008, the departments of health in New 
Mexico and Arizona, the Navajo Nation, the In-
dian Health Service, and the CDC conducted a 
household-based case–control study to collect in-
formation through personal interviews about 
possible sources of infection and preparation of 
food. Data were collected about how cilantro, ja-
lapeño peppers, serrano peppers, and tomatoes 
were brought into, stored, prepared, and con-
sumed in the home. A case household was de-
fined as one with a case subject who had an ill-
ness that met the case definition and reported an 
onset of diarrhea on or after June 1. Case subjects 
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residing in the household and the household’s 
primary food preparer were interviewed. Control 
households were those without a member who 
was ill with diarrhea, matched with case house-
holds according to neighborhood.

Texas Case Survey
In mid-July 2008, epidemiologists at the Texas 
Department of State Health Services interviewed 
75 case subjects who had had an onset of illness 
between May 1 and June 7, because these subjects 
had not been specifically questioned about the 
consumption of hot peppers early in the outbreak. 
The questionnaire asked about consumption of 
raw jalapeño and serrano peppers, raw tomatoes, 
and other food items.

Investigation of Clusters Linked  
to Restaurants or Events

A restaurant or event cluster was defined as a 
single location or event in which at least two per-
sons with the outbreak strain became ill within 
7 days after their meal date and had meal dates 
within 10 days of one another. To identify ingre-
dients and sources for implicated food items in 
clusters, nine epidemiologic studies were conduct-
ed. For all studies, a case subject was defined as 
a person with diarrhea who had eaten at the im-
plicated restaurant in the week before the onset 
of illness. Confirmed cases were defined as cases 
with culture confirmation of the outbreak strain 
or a salmonella strain for which the PFGE pat-
tern was not determined. Some studies also in-
cluded probable cases, which were defined as 
cases without culture confirmation of salmonella 
infection. Control subjects were defined as meal 
companions or restaurant patrons identified by 
means of credit-card receipts who had eaten at 
the restaurant during the same time window but 
did not have diarrhea. Structured questionnaires 
that were based on the restaurant menu were ad-
ministered. Recipes for menu items were col-
lected to allow for ingredient-level analyses.

Environmental and Traceback Investigations

State and local health and agricultural depart-
ments, the Food and Drug Administration (FDA), 
and the CDC conducted traceback investigations 
of the distribution pathway for implicated food 
items associated with several ill persons and res-
taurant clusters. Environmental assessments were 
conducted as part of the restaurant-cluster inves-

tigations to determine whether food handlers 
were ill before the onset of illness in patrons and 
to identify practices in food preparation, han-
dling, and storage. The FDA collected food sam-
ples and conducted environmental investigations 
along the distribution chain, including at distri-
bution centers, packing facilities, and farms, to 
determine possible sources of contamination.

Statistical Analysis

Data were entered into a database, and statistical 
analyses were conducted with the use of SAS 
software, version 9.1 (SAS Institute). Odds ratios 
and 95% confidence intervals were calculated, 
and logistic-regression analyses were conducted. 
Among the many sub-studies, these regression 
analyses were variously done with data treated as 
both unmatched and matched, with and without 
adjustment for variables, with and without im-
puted values for missing data, and with and 
without recoding for response sensitivity. Infor-
mation was continually reevaluated for evidence 
of a common causal pathway or pathways, and 
the process of statistical analysis was exploratory 
in character.

R esult s

Description of the Outbreak

We identified 1500 case subjects who were in-
fected with the outbreak strain of the salmonella 
Saintpaul serotype in 43 states, the District of 
Columbia, and Canada. The states with the highest 
incidence rates were New Mexico (58.4 cases per 
1 million population) and Texas (24.5 per 1 mil-
lion population) (Fig. 1). Illnesses began between 
April 16 and August 26 and peaked between mid-
May and mid-June (Fig. 2). Of the case subjects, 
21% were hospitalized, and infection may have 
contributed to two deaths (Table 1).

Investigation of Cases Not Linked  
to Restaurant Clusters

Of the 19 case subjects who were interviewed 
with the hypothesis-generating questionnaire, 
more than 50% reported consuming raw toma-
toes, eggs, ice cream, potatoes, milk, tortillas, 
cold breakfast cereal, raw onions, salsa, ground 
beef, chicken, and lettuce. The food most com-
monly identified was raw tomatoes, reported by 
16 subjects (84%); 5 (26%) reported eating “other 
peppers” (i.e. other than red or green bell peppers).
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Study 1 included 51 case subjects and 106 
matched control subjects (Table 2). On univariate 
analysis, illness was significantly associated with 
eating raw tomatoes (reported by 88% of case 
subjects vs. 64% of control subjects; matched 
odds ratio, 6.7; 95% confidence interval [CI], 1.9 
to 36.0) and with eating tortillas (matched odds 
ratio, 2.8; 95% CI, 1.0 to 10.0). After adjustment 
for the consumption of tortillas, illness remained 
significantly associated with eating raw tomatoes 
(matched odds ratio, 5.6; 95% CI, 1.6 to 30.3). 
Illness was not significantly associated with eat-
ing salsa (matched odds ratio, 1.7; 95% CI, 0.8 to 
3.8), guacamole (matched odds ratio, 1.6; 95% CI, 
0.7 to 3.5), or any other food item. The consump-
tion of hot peppers was not assessed because 
only 26% of case subjects reported eating other 
peppers in hypothesis-generating interviews.

Study 2 included 141 case subjects and 281 
matched control subjects. After adjustment for 
sex, Hispanic ethnic background, and age, ill-
ness was significantly associated with eating at 
Mexican-style restaurants (matched odds ratio, 
4.6; 95% CI, 2.1 to ∞) and with eating pico de 
gallo (a type of salsa typically composed of toma-
toes, onions, hot peppers, and other ingredients)
(matched odds ratio, 4.0; 95% CI, 1.5 to 17.8), 
corn tortillas (matched odds ratio, 2.3; 95% CI, 
1.2 to 5.0), and freshly prepared salsa (matched 
odds ratio, 2.1; 95% CI, 1.1 to 3.9) (Table 2). Ill-
ness was not independently associated with the 
consumption of tomatoes, jalapeño peppers, ci-
lantro, avocados, fresh or bottled salsa, or onions, 
all of which were significantly associated on uni-
variate analysis.

Study 3 included 41 households with case 
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A total of 1499 cases were confirmed by laboratory testing.
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subjects and 107 households with matched con-
trol subjects. On univariate analysis, illness was 
significantly associated with having a raw jala-
peño pepper in the home (matched odds ratio, 
2.9; 95% CI, 1.2 to 7.6), and illness had a border-
line association with having a raw serrano pep-
per in the home (matched odds ratio, 3.0; 95% 
CI, 0.9 to 9.6) (Table 2). Illness was not signifi-
cantly associated with the presence of tomatoes, 
cilantro, or other food items in the home or with 
reported consumption of raw jalapeño peppers, 
raw serrano peppers, raw tomatoes, or other 
food items.

In the Texas survey of 75 case subjects whose 
illnesses began on or before June 7, 64 (85%) re-
ported consuming raw tomatoes, 29 (39%) jala-
peño peppers, 6 (8%) serrano peppers, 39 (52%) 
fresh salsa, 26 (35%) pico de gallo, and 27 (36%) 
guacamole.

Investigation of Clusters Linked  
to Restaurants or Events

State and local health departments in 14 states 
and the District of Columbia reported 37 clusters 
of illness associated with either restaurants or 
events (Fig. 3 in the Supplementary Appendix). 
Of the 37 clusters, 35 were associated with res-
taurants, 1 with a mobile Mexican-style food ven-
dor, and 1 with a privately catered event. Of the 
35 restaurant-associated clusters, 30 (86%) in-
volved Mexican-style restaurants. The median 
number of laboratory-confirmed cases for all 37 
clusters was 4 (range, 2 to 47); 27 (73%) had 8 or 
fewer laboratory-confirmed cases.

Analytical studies of nine clusters were con-
ducted, including eight involving Mexican-style 
restaurants (Table 3). A food item was impli-
cated in six clusters. The items that had a sig-
nificant association with illness were salsa (in 
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three clusters), guacamole (in two clusters), and 
a raw jalapeño pepper garnish (in one cluster). 
In all three clusters in which a single ingredient 
was significantly implicated, the ingredient was 
jalapeño peppers; hot peppers were an ingredient 
in an implicated item in three additional clusters 
(jalapeño peppers in one cluster and serrano pep-
pers in two clusters). Raw tomatoes were an in-
gredient in an item associated with illness in 
three clusters, including one in which red, round 
tomatoes were specifically implicated.

Environmental and Traceback Investigations

Environmental assessments conducted as part of 
the epidemiologic investigations of nine restau-
rant clusters did not identify recent diarrheal ill-
ness among food handlers. A total of 12 trace-
backs of raw Roma and red, round tomatoes were 
completed: 8 tracebacks from 7 sporadic cases 
and 4 tracebacks from restaurant clusters. These 
tracebacks did not converge on any one geograph-
ic location, grower, or supplier. All tomato trace-
backs included sources from Mexico, Florida, or 

both. Environmental investigations were conduct-
ed at five farms or packing firms in Mexico and 
three in Florida. Only one firm was packing toma-
toes in Mexico at the time of the investigation, 
and all farms in Mexico and Florida had finished 
harvesting. The FDA analyses of approximately 
183 domestic and imported tomato samples and 
113 environmental swabs from tomato operations 
in Florida and Mexico did not identify salmonella.

Tracebacks to farms from 13 restaurant clus-
ters were completed for jalapeño peppers from 
five states, including 3 restaurants (cluster D, 
consisting of two restaurant locations, and clus-
ter G) in which jalapeño peppers were implicat-
ed. All 13 tracebacks led to distributors in Texas 
and Mexico that received jalapeño peppers from 
Mexico. The outbreak strain was isolated from a 
jalapeño pepper sample obtained from a produce 
importer in Texas that received jalapeño peppers 
from a packing facility in Nuevo Leon, Mexico. 
The traceback from the packing facility was com-
plex, with commingling of products and a net-
work of interrelated distribution points.

The FDA investigated two farms in Mexico 
(Farm A and Farm B) that supplied peppers to 
the packing facility (Fig. 2). Traceback records 
identified other farms that also supplied the fa-
cility during this period. Farm A, which grew 
Roma tomatoes in addition to jalapeño and ser-
rano peppers, harvested all three crops between 
late April and late July and was an indirect sup-
plier to the packing facility. Farm B supplied the 
same packing facility both through direct ship-
ments and also indirectly through distributors. 
Farm B, located approximately 100 miles from 
Farm A, was this packing facility’s main pepper 
supplier. Agricultural water samples from Farm A 
yielded salmonella but not the outbreak strain. 
The FDA did not collect tomatoes at Farm A. The 
outbreak strain was isolated from two environ-
mental samples, agricultural water, and serrano 
peppers on Farm B, which grew jalapeño peppers 
and serrano peppers, but not tomatoes, and har-
vested produce from mid-April to mid-June. The 
Colorado Department of Public Health and Envi-
ronment isolated the outbreak strain from a ja-
lapeño pepper collected from the home of a case 
subject in Colorado and traced this pepper from 
the grocery store where it had been purchased to 
another distributor in Texas. The source of these 
jalapeño peppers was not determined.

Table 1. Characteristics of Case Subjects with Confirmed Salmonella enterica 
Serotype Saintpaul Infections in 2008.*

Characteristic Value

Case subjects interviewed for one or more epidemiologic 
studies — no./total no. (%)†

704/1500 (47)

Age — yr

Median 31

Range <1 to 99

Female sex — no./total no. (%) 733/1478 (50)

Hospitalization — no./total no. (%) 308/1500 (21)

Race or ethnic group — no./total no. (%)‡

White 680/889 (76)

Hispanic 263/938 (28)

Black 25/889 (3)

American Indian or Alaskan Native 106/889 (12)

Asian or Pacific Islander 17/889 (2)

Other 61/889 (7)

*	A confirmed case was defined as a laboratory-confirmed infection with salmo-
nella Saintpaul with the XbaI pattern JN6X01.0048 on pulsed-field gel electro-
phoresis during the period from April 1 to September 4.

†	The median time from illness onset until ill persons were reached for an inter-
view was 21 days; 90% were interviewed within 34 days.

‡	Race or ethnic group was self-reported. The number of patients who responded 
to the question about ethnic group was higher than the number who responded 
to the question about race.
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Control Measures

Multiple public advisories were issued recom-
mending that consumers avoid eating implicated 
produce items. These included an advisory on 
June 3, limited to New Mexico and Texas, recom-
mending that consumers avoid eating certain 
types of tomatoes; this advisory was issued na-
tionwide on June 7. A nationwide advisory con-
cerning jalapeño peppers on July 9 was followed 
by a warning on July 30 not to eat peppers grown 
or packed in Mexico (Fig. 4 in the Supplementary 
Appendix).

Discussion

This outbreak of foodborne disease in the United 
States was one of the largest salmonella out-
breaks ever identified. Because many salmonella 
illnesses are not confirmed by culture, it is likely 
that many more occurred than were identified.7

The results of multiple investigations indicate 
that jalapeño peppers were the major vehicle for 
transmission, and serrano peppers were also a 
vehicle. These findings include epidemiologic as-
sociations between illness and consumption of 

Table 2. Odds Ratios for Selected Food and Other Exposures in Three Case–Control Studies of Salmonella enterica 
Serotype Saintpaul Infections Not Linked to Restaurant Clusters in 2008.*

Study and Exposure
Case Subjects 

Exposed
Control Subjects 

Exposed Odds Ratio (95% CI)

no./total no. (%)

Study 1

Raw tomato

With adjustment† 42/48 (88) 67/104 (64) 5.6 (1.6–30.3)

Without adjustment 42/48 (88) 67/104 (64) 6.7 (1.9–36.0)

Tortilla 39/47 (83) 69/104 (66) 2.8 (1.0–10.0)

Salsa‡ 27/48 (56) 47/104 (45) 1.7 (0.8–3.8)

Guacamole‡ 16/50 (32) 26/103 (25) 1.6 (0.7–3.5)

Study 2§

Eating at Mexican-style restaurant 68/138 (49) 64/278 (23) 4.6 (2.1– ∞)

Pico de gallo 35/127 (28) 26/257 (10) 4.0 (1.5–17.8)

Corn tortilla 51/126 (40) 67/251 (27) 2.3 (1.2–5.0)

Salsa 60/130 (46) 73/245 (30) 2.1 (1.1–3.9)

Study 3

Jalapeño pepper

In home 26/41 (63) 42/107 (39) 2.9 (1.2–7.6)

Consumed, with adjustment for sex and age‡  19/41 (46) 35/107 (33) 1.7 (0.6–5.0)

Serrano pepper

In home‡ 9/41 (22) 9/107 (8) 3.0 (0.9–9.6)

Consumed, with adjustment for sex and age‡  4/41 (10) 7/107 (7) 0.5 (0.1–3.1)

Raw tomato in home‡ 19/41 (46) 38/107 (36) 1.6 (0.6–4.9)

*	Study 1, the first multistate study, was conducted from May 26 to June 4 in Arizona, New Mexico, the Navajo Nation, 
and Texas. Study 2, the second multistate study, was conducted from June 26 to July 3 in 29 states: Arizona, California, 
Colorado, Connecticut, Georgia, Illinois, Indiana, Kansas, Kentucky, Maine, Maryland, Massachusetts, Michigan, 
Missouri, Nevada, New Mexico, New York, North Carolina, Ohio, Oklahoma, Oregon, Pennsylvania, Tennessee, Texas, 
Vermont, Virginia, Washington, West Virginia, and Wisconsin. Study 3, a household-based study, was conducted from 
July 11 to July 25 in Arizona, New Mexico, and the Navajo Nation.

†	This analysis was adjusted for the consumption of tortillas in the week before the onset of illness.
‡	The consumption of this item was not significantly associated with illness.
§	The analyses listed for study 2 were adjusted for sex, Hispanic ethnic group, and age.
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hot peppers, the convergence of tracebacks to a 
single farm that grew both types of peppers but 
not tomatoes, and isolation of the outbreak strain 
from agricultural water and serrano peppers col-
lected on that farm. The consumption of jalapeño 
peppers was not specifically implicated in either 
study in which this hypothesis was explicitly 
tested (studies 2 and 3). However, study 2 impli-
cated foods typically made or consumed with hot 
peppers, and study 3 implicated the presence of 
jalapeño peppers in the home. One explanation 
for the results of study 2 could be that produce 
items are consumed in small quantities as ingre-
dients of other dishes and might not be recog-
nized or always remembered after several weeks, 
making the implication of such items more dif-
ficult.8 In study 3, the respondent was often the 
food preparer, who would be likely to know the 
ingredients.

Early in the outbreak, raw tomatoes were 
thought to be a vehicle because study 1, con-
ducted by standard methods, yielded a strong 
association between illness and consumption of 
raw tomatoes. Tomatoes have been implicated in 
many salmonella outbreaks.9-11 The initial find-
ing that tomatoes were a source was supported 
by the observation that the number of new cases 
decreased shortly after the national tomato alert. 
The Texas survey, in which case subjects from 
early in the outbreak were specifically asked 
about the consumption of hot peppers and toma-
toes, showed a high frequency of tomato con-
sumption, which was similar to the frequency 
found in study 1, whereas fewer than half of 
those surveyed reported eating hot peppers. 
However, tomato tracebacks did not converge on 
any one geographic location, supplier, or grow-
ing area, and the FDA analyses of tomato sam-
ples did not identify salmonella.

The observed epidemiologic association with 
tomatoes may reflect collinearity between toma-
toes and hot peppers, meaning that an associa-
tion was identified because tomatoes were often 
eaten with hot peppers. It could also reflect am-
plified growth of salmonella in food items, such 
as salsa, containing both tomatoes and contami-
nated hot peppers. The decline in cases shortly 
after the nationwide tomato advisory could be 
explained if avoidance of raw tomatoes indirectly 
reduced exposure to contaminated hot peppers. 
The low frequency of reported hot-pepper con-

sumption in the Texas survey could be due to 
unrecognized exposure to hot peppers as ingredi-
ents in other foods.

Salsa and guacamole, both foods typically 
containing tomatoes and hot peppers, were im-
plicated repeatedly in cluster investigations; these 
foods may have provided a medium for salmo-
nella growth. Cut or diced tomatoes require 
prompt refrigeration because of the potential for 
salmonella growth.12 However, salsa and guaca-
mole are kept at room temperature for hours in 
some commercial settings.13 The addition of both 
fresh garlic and lime juice to salsas can suppress 
the growth of salmonella.14

On the basis of FDA investigations, pepper con-
tamination probably occurred on the farm. This 
may not be unusual; a small survey of Mexican 
farms that grow chile peppers indicated that 6 of 
14 irrigation-water samples (43%) and 3 of 5 pep-
per rinses (60%) yielded salmonella (none of the 
serotypes were Saintpaul).15 From 1972 through 
1999, only 1.2% of human salmonella isolates 
that were serotyped at public and private labora-
tories in Mexico were serotype Saintpaul.16

This outbreak investigation highlights the re-
curring challenges of epidemiologic identification 
of ingredients in foods that are commonly con-
sumed, rapid identification and investigation of 
local clusters, the need to continue exploring hy-
potheses during an ongoing outbreak, and pro-
duce tracing in the supply chain. Traceback issues 
such as commingling, repacking, varying degrees 
of product documentation throughout the supply 
chain, difficulty in linking incoming with outgo-
ing shipments to the next level in the distribution 
chain, and the complexity of the distribution 
chain continue to hinder product-tracing efforts. 
Improvements in product-tracing systems and the 
ability of the systems to work together are needed 
for more rapid tracing of implicated products 
through the supply chain in order to maximize 
public health protection and minimize the eco-
nomic burden to industry. In addition, an under-
standing of the mechanisms and ecologies that 
can lead to contamination of produce on farms 
and the institution of additional control measures 
from the source throughout the supply chain are 
critical for preventing similar outbreaks in the 
future.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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